Ribosomal RNA can be used as a vehicle to carry small, functional RNAs, perhaps enhancing their in vivo activity because of its stability, high copy number and intracellular location.
In recent years it has become clear that small RNAs can sequences from different organisms has shown that both large and small subunit rRNAs have a conserved carry out a large variety of biological functions including: controlling plasmid DNA replication; 1 inhibiting secondary structure, portions of which are also conserved for primary sequence. Interspersed with these expression of specific genes; 1 processing of mRNAs and rRNAs; 2,3 catalytically cleaving RNA in cis and in conserved regions are sequences that are more variable. 17 In eukaryotic large subunit rRNAs, some of these trans;
4,5 and serving as binding sites for proteins. 6, 7 In vitro selection methods have produced RNA molecules variable regions are greatly expanded in size. [18] [19] [20] For example, the human large subunit rRNA is about 2000 with novel functional capabilities such as ATP binding, cleavage of a DNA substrate, and self-replibases larger than the Escherichia coli large subunit rRNA, mostly because of size variation in these varication. [8] [9] [10] The list of biological functions that can be carried out by small RNAs is steadily growing. Howable regions. The sequences within variable regions of eukaryotic rRNAs are so divergent that analogous variever, the use of these RNAs as molecular tools in vivo has been slowed by problems such as instability and able regions from, for example, mouse and human are very different in size and sequence. 21 These data suglow copy number of the functional RNA within cells.
11
Among the many biologically functional RNAs are gest that these regions might be more tolerant of insertions than the more conserved regions of the rRNA. In antisense RNAs, which are RNAs that are complementary to all or part of a messenger RNA (mRNA). Introfact, experiments have shown that insertions of foreign sequences into some, but not all, sites within variable duction of an antisense RNA into living cells can suppress the expression of the complementary mRNA, 1 a regions have no effect on rRNA function in vivo. [22] [23] [24] [25] In a recent study 26 the idea of using rRNA to carry fact that has made antisense RNAs useful in systems in which few genetic tools are available. The mechshort RNA sequences that have a biological function, specifically, antisense RNAs, has been explored. The anism by which this occurs appears to be different in different cases. 12 Antisense RNAs have been introhuge copy number, stability and intracellular location of rRNA could potentially make it a uniquely advanduced into cells either directly or by introducing DNA encoding the antisense RNA.
13,14 However, the in vivo tageous vehicle for enhancing the activity of functional RNAs, especially those that act on mRNAs. Portions of function of antisense RNAs has not always been robust.
12 Some reasons for this include low copy numthree different T. thermophila genes have been inserted in both orientations into a single site in the large subber and/or instability of the antisense RNA, inappropriate intracellular location of the antisense RNA, and unit rRNA gene. These constructs were used to transform T. thermophila. Since the host rRNA genes inaccessibility of the targeted region of the mRNA. 1, 15, 16 Small ribozymes (such as the hairpin, the hammer-(rDNA) can be completely replaced by transformation in T. thermophila, some transformed lines contain only head, and the hepatitis delta virus ribozymes) comprise another class of functional small RNAs. They can the altered rRNA, which is present in about 10 7 copies per cell. 27 This is probably far more abundant than any cleave specific RNA sequences in cis or in trans 4,5 and range in size from about 50 to 100 bases. ␣-tubulin expression. Although the precise mechanism of action is not elucidated, the work does show that expression of the T. thermophila target genes tested suggests that this may be an important advantage. the antisense rRNAs work by preventing translation of the target mRNA. These data also suggest that the inserThis study shows that rRNA can be used as a vehicle for antisense RNAs without compromising its function. tion site is located on the surface of the ribosome, which is in agreement with previous biochemical
The resulting antisense RNAs are present at a huge copy number, and, in the cases where they have antidata. 28 In one case, the 'antisense rRNA' also appeared to sense activity, the target protein is completely, or almost completely, eliminated. The presently available be fully functional as an rRNA since transformed lines contained only antisense rRNA and grew as well as data suggest that antisense rRNAs will be useful in other systems, but further work will be required to control strains. This is an important point since preserving the function of the rRNA may be important for make this a reality. Functional RNAs other than antisense RNAs could also be inserted into rRNA and may, its stability and intracellular localization. It is likely that functional rRNA would be a more robust vehicle thereby, have enhanced activity in vivo. Since some of these RNAs may require a much lower copy number to for small functional RNA molecules than nonfunctional rRNA.
exert their effects within cells than antisense RNAs do, the prospects for success are good. Given the everPast studies with antisense RNAs that are polymerase II transcripts or with antisense DNA oligomers growing list of functions that small RNAs can perform, the use of rRNA as a vehicle for any number of these have revealed that not all sites within target mRNAs are accessible.
12 Among the antisense rRNA constructs functional RNAs may prove to be very useful. tested, only those that covered all or part of the area between the 5Ј end of the target mRNA and the first R Sweeney codon were effective, though other areas of the mRNAs Fred Hutchinson Cancer Research Center were not extensively tested. In one case tested an anti-1124 Columbia Street sense rRNA present in about 10 7 copies per cell caused Seattle, WA 98104, USA no reduction in target protein levels. Thus, the inaccessibility of certain mRNA target sites is apparently unaffected by a huge copy number of the antisense References rRNA. How likely is it that antisense rRNAs will be useful genes and in other systems. In addition, insertion sites 601-608. in the rRNA of interest must be found in which added The idea of embedding antisense RNAs within a 10 Green R, Szostak JW. Selection of a ribozyme that functions as a superior template in a self-copying reaction.
gene encoding a highly transcribed and stable RNA 
